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As in many developing countries, agro-pastoralism is the major form of livelihood for rural communities in the Himalayan
Kingdom of Bhutan. Although livestock rearing is part and parcel of rural Bhutanese agricultural system, Bhutan also has a
high percentage of natural forest cover that supports a diversity of endangered wild predators. The loss of cattle to these
predators is an on-going source of conflict between predators, farmers, and wildlife managers. Despite awareness of
predation losses, there has been no empirical assessment of livestock herding practices in Bhutan in terms of livestock
vulnerability to predation. We conducted a questionnaire and a field survey in three districts of western Bhutan to assess
current livestock herding practices with regard to predation vulnerability. We interviewed farmers using a semi-structured
questionnaire to determine their livestock herding practices and losses. We also traversed human trails in the nearby
forests and took note of livestock encountered to gain further insights into herding dynamics. Generally, livestock were
more vulnerable to predation when released into the forests without accompanying herders. Seasonally, livestock were
more vulnerable during summer and early autumn, which coincided with the peak farming period during which animals
are typically released into forests with minimal care. Our study underscores the importance of livestock herding with
accompanying herders to minimize predation losses and highlights the challenges posed by farm labour shortage in rural
areas. We recommend developing a comprehensive livestock management policy that includes elaborate provisions on
reducing livestock losses through livestock herd management, stock improvement, fodder development, pasture
development, and sustainable livestock insurance schemes.
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Livestock policyIntroduction
In contrast to pastoralists whose focus is almost entirely on
livestock, agro-pastoralists may focus primarily on agricul-
ture and derive less than 50% of their income from live-
stock rearing (Rota and Sperandini 2010). Occupying less
arid regions and investing more time in agricultural activ-
ities, agro-pastoralists may have higher densities of livestock* Correspondence: pthinley@uwice.gov.bt
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pastoralists (Brandström et al. 1979).
As in many developing countries (Tulachan and
Neupane 1999), agro-pastoralism is the major source of
livelihood for rural communities in the Himalayan King-
dom of Bhutan. Approximately 90% of rural farmers
raise some form of livestock (RGoB 2009) for dairy
products, draught power, meat, and dung (Miller 1987).
Livestock rearing is part and parcel of the Bhutanese
agricultural system, contributing 7% of the national GDP
and 22% of rural income (MoA 2009). Most of the live-
stock belonging to agro-pastoralists are grazed in theis distributed under the terms of the Creative Commons Attribution 4.0
rg/licenses/by/4.0/), which permits unrestricted use, distribution, and
e appropriate credit to the original author(s) and the source, provide a link to
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sheds each night. Livestock grazing occurs in almost all
forest types (Roder et al. 2002); this is possible, because
Bhutan retains about 72% of original forest cover
(DoFPS 2015). Farmers provide pine-needle or oak-leaf
bedding for livestock in sheds. Dung from these sheds is
then used for crop production, greatly reducing or elim-
inating the use of chemical fertilizers. Some rural people
are transhumant agro-pastoralists (Namgay et al. 2013)
who seasonally migrate their cattle from one ecological
zone to another (Waters-Bayer and Bayer 1992). Largely
influenced by Buddhist traditions, Bhutanese agro-
pastoralists seldom kill their cattle for meat; rather, they
are left to die of old age, disease, and accident. Conse-
quently, many farmers end up owning sizable number of
cattle, ranging from 1 to 20 but with an average herd
size of 6 (Dorji and Gyeltshen 2012).
Due to heavy dependence on livestock rearing for agri-
cultural production, livestock predation by wild predators
could form a significant economic setback for rural com-
munities in Bhutan (Sangay and Vernes 2014; Rajaratnam
et al. 2015). For instance, between 2003 and 2005, 1,233
farmers lost 1,375 livestock to wild predators (Sangay and
Vernes 2008, 2014). Among these affected farmers, 95.9%
reported losing one year’s worth of household income,
3.9% (n = 48) two years’ household income, and 0.2% (n =
2) three years’ household income (Sangay and Vernes
2014). In a case study by Wang and Macdonald (2006) in
Jigme Singye Wangchuck National Park (located in central
Bhutan), farmers lost 2.3% of their livestock to wild preda-
tors which amounted to 10% loss of per capita cash in-
come. Such proportions of losses are huge considering the
average per capita income of Bhutan, approximately
US$2,230, based on the 2014 gross national income and
population estimate (NSB 2015a).
While livestock losses to wild predators are duly ac-
knowledged, Bhutan cannot resort to any dramatic popu-
lation reduction of the major wild predators, because
most of them are globally threatened according to the
IUCN’s Red List of Threatened Species (Rajaratnam et al.
2015). The tiger Panthera tigris, snow leopard Panthera
uncia, and dhole (Asiatic wild dog) Cuon alpinus are ‘en-
dangered’ while the common leopard Panthera pardus is
‘vulnerable’. These predators occur at the top of the food
chains in many ecosystems and are thus vital for overall
ecological integrity and ecosystem services such as control
of crop-depredating herbivores (Wangchuk 2004). In
addition, Bhutan is internationally recognized for its ex-
emplary conservation policy that ensures the survival of a
suite of threatened mammalian predators (NBC 2014).
Globally, livestock depredation is a great cause of tension
between humans and wild carnivores (Mazzolli et al. 2002;
Ogada et al. 2003; Namgail et al. 2007; Tamang and Baral
2008). Bhutan also faces the challenge of a typicalbiodiversity-rich country in having to juggle socio-
economic needs of farmers with ecological conservation.
Wildlife conservationists, on the one hand, fear the loss of
endangered wild predators through possible retributive kill-
ings while the farmers, on the other hand, complain about
their livelihood losses because of livestock depredation by
wild predators (NCD 2008; Rajaratnam et al. 2015). In an
attempt to appease the afflicted cattle owners, the govern-
ment through the Wildlife Conservation Division under the
Department of Forests and Park Services compensated live-
stock losses to tigers and snow leopards (Sangay and Vernes
2008) until the end of 2014. However, due to limited fund-
ing, the government is currently not in a position to con-
tinue such an appeasement scheme and there is currently a
huge backlog of cases (Sonam Wangchuk pers. comm.).
Such a time lag in compensation has created more displeas-
ure among the livestock owners (Leki, pers. comm.).
Despite the acknowledgement of persistent livestock
losses to wild predators, there has been very little infor-
mation about how livestock herding practice is related
to livestock depredation by wild predators. Therefore,
the objectives of this study were to (a) assess the current
livestock herding practices in terms of their vulnerability
to predation by wild predators and (b) suggest appropri-
ate policy recommendations to minimize livestock losses
to wild predators.
Study area
We conducted the study in three western dzongkhags1 of
Bhutan, namely, Thimphu, Punakha, and Gasa (Figure 1).
We selected two geogs2 from each of these dzongkhags:
Kawang and Genye from Thimphu, Shengabjimi and
Lingmukha from Punakha, and Khatoe and Khamoe
from Gasa (Figure 1). These areas were selected based
on the current reports of high number of livestock dep-
redation cases. To aid understanding, brief profiles of
each geog are provided.
Kawang and Genye Geogs in Thimphu Dzongkhag
Kawang Geog, with an area of 308 km2, is situated in
the peri-urban area of Thimphu Municipality. The geog
has a population of approximately 2582 people (OCC
2005), 352 cattle, 9 horses, and 299 poultry (DoL 2013).
Livestock rearing is considered an important part of
people’s livelihood in the geog, as most people engage in
commercial farming of vegetables that are sold in
Thimphu markets. In the upper part of the geog border-
ing the south-western part of Jigme Dorji National Park
(JDNP), numerous cases of livestock predation by tiger,
leopards, and dholes have been recorded. With most of
the villages located between Bhutan’s capital and pristine
forest of JDNP, Kawang Geog presents a unique case of
how livestock are managed and are rendered vulnerable
to predation by wild predators.
Figure 1 The map of study areas showing Bhutan (a), Thimphu Dzongkhag (b), Punakha Dzongkhag (c), and Gasa Dzongkhag (d)
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Thimphu Dzongkhag. Encompassing 144 km2, the geog
is thinly populated with only 918 people and 160 house-
holds (OCC 2005). Most of the people in the geog sub-
sist on agricultural farming. Their main cash crops are
rice, wheat, potato, and other vegetables. They also de-
rive additional income from the sale of matsutake, which
is an expensive mushroom mostly exported to Japan and
Singapore. People in the geog rear livestock mainly for
farmyard manure and dairy products. At present, the
geog has 658 cattle, 86 equines, 4 pigs, 1,961 poultry, 9
goats, 150 cats, and 143 dogs (DoL 2013).
Shengabjimi and Lingmukha Geogs in Punakha
Dzongkhag
Shengabjimi Geog has 1,257 people and 284 households
(OCC 2005). The annual livestock statistics of 2013 re-
corded 932 cattle, 12 horses, 7 pigs, 276 poultry, and 8
goats (DoL 2013). Most of the cattle in the geog are of
indigenous breed. The principal crops grown in the geog
are paddy, wheat, and vegetables. There is a possibility
for farm mechanization, as some of the agriculture lands
have gentle slopes.Lingmukha Geog is comparatively small with an area
of only 33.8 km2. Due to many low-lying areas, the geog
experiences a sub-tropical climate featured by cool win-
ters with warm and humid summers. The geog has 597
people belonging to 124 households (OCC 2005), and
the livestock statistic stands at 541 cattle, 60 horses, 6
pigs, and 43 poultry (DoL 2013).
Khatoe and Khamoe Geogs in Gasa Dzongkhag
Khatoe Geog covers an area of 326 km2, most of which
are rugged mountains. In terms of human population, the
geog is a low populated part of the dzongkhag, as it has
only 426 people and 60 households (OCC 2005). The geog
has 210 cattle, 62 horses, and 201 poultry (DoL 2013).
Khamoe Geog is located in the southernmost part of
Gasa Dzongkhag, and it is the smallest (encompassing
only 149.28 km2) of the four geogs in the dzongkhag. It
is the least populated geog in the dzongkhag with only
320 people and 81 households (OCC 2005). Aside from
Lunana and Laya Geogs, Khamoe is also a livestock pri-
ority area in the dzongkhag. The livestock population
comprises 540 cattle, 95 horses, and 292 poultry (DoL
2013).
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Study design
We divided our study into two parts: questionnaire survey
and field survey. We first undertook the questionnaire
survey in late winter and early spring (from December to
February 2014), for which we interviewed farmers about
their livestock herding practices and losses using a semi-
structured questionnaire. We conducted the survey at the
household level, and only one member of a household
(usually the household head) was interviewed. Not all
households in the selected geogs owned livestock, as per
the Geog Livestock Extension Officers. Some did not even
engage in farming as a main source of livelihood. Hence,
from a population of households that owned livestock in
each geog, we randomly selected 30% for interview to en-
sure adequate representation. Next, we pursued the field
survey in late spring, summer, and early autumn (from
April to August 2015) by walking along human trails in
the forests surrounding the villages to verify and gain fur-
ther insights into local herding practices. Using toposheets
and GoogleTM Earth, we mapped all major human trails
and planned our hiking dates. We triangulated informa-
tion from both these surveys to form an opinion about
livestock vulnerability to predation.
Data collection
For the questionnaire survey, we interviewed 288 house-
holds: 29 from Kawang Geog, 72 from Genye Geog, 52
from Lingmukha Geog, 47 from Shengabjimi Geog, 15
from Khatoe Geog, and 73 from Khamoe Geog. We par-
ticularly interviewed the household heads on different
aspects of livestock management: types of livestock
breeds owned, types of livestock herding practices, rea-
sons for herding or not herding, quantity and breed of
livestock lost to wild predators in the past three years
(2012 to 2014), and whether the livestock were herded
or not herded when lost to predators. Additional house-
hold members were consulted when the key informants
could not answer some of the questions. We conducted
the interview mostly in the evening when farmers retired
to their homes, so that there was a high chance of meet-
ing the household heads.
Regarding the field survey, we took note of the num-
ber of livestock encountered in different forest types and
checked whether they were accompanied by herders or
left on their own. We also noted the geographical coor-
dinates of livestock animals using Global Positioning
System units. The data were collected from February
2015 to September 2016.
Data analysis
We used the programme R version 3.1.3 (R Core Team
2015) for statistical analysis. Descriptive statistics were first
performed to look for patterns in the data, which were thenverified using inferential statistics. We performed a
Kruskal-Wallis test to examine statistically significant differ-
ences in the number of households practising different live-
stock herding practices and also differences in the number
of livestock lost to different types of different predators.
Post hoc analysis of Kruskal-Wallis test using the r package
‘pgirmess’ version 1.5.9 (Giraudoux 2014) was used to fur-
ther determine any significant differences between a par-
ticular pair of herding practices in terms of number of
households and also between a pair of wild predators in
terms of number of livestock lost. We performed Mann-
Whitney U test to check if there was statistically significant
difference between these variables: (a) quantity of livestock
lost to predators when herded and not herded, (b) quantity
of indigenous and imported cattle breeds lost to predation,
and (c) quantity of cattle and equines lost to predation.
We used ArcGISTM and GoogleTM Earth to analyse the
field data. In order to compute the distances of livestock
animal locations from human settlements, we first ex-
tracted the settlement boundaries inclusive of crop field
boundaries from Google Earth. This settlement layer was
then added in ArcMap on which the geo-referenced animal
locations were also added. Using the ‘distance’ tool in Arc-
Map, we recorded the distance of each animal location
from the nearest settlement boundary. We also computed
livestock encounter rate in the forest as the number of ani-
mals encountered per kilometre of trail walked, in order to
obtain a coarse estimate of livestock density in the forest.
Results
Livestock types and breeds raised
In the study area, farmers raised five types of livestock -
cattle, horse, pig, poultry, and goat - among which cattle
was the most preferred type because of its multiple uses.
Next to cattle, farmers raised poultry for eggs. Very few
households owned horses due to improvements in road
and transport facilities. Farmers reported that horses were
mainly used for transportation of goods in very remote
areas without roads or modern transportation facilities
and also used in areas of high tourism.
Generally, most of the livestock species were indigenous
breeds with the exception of cattle, for which we recorded
two imported breeds, viz, Brown Swiss and Jersey, and
four local breeds, viz, Siri3, Nublang4 (Thrabam for fe-
male), Jatsha5 (Jatsham for female), and Yangka6 (Yang-
kum for female). Nublang is the most endangered native
breed and is raised mostly for draught power (Dorji et al.
2009). See Namgay et al. (2013) and Phanchung and
Roden (1996) for further description of these breeds.
Types of livestock herding practices
We classified four general types of livestock herding
practices from the responses to our questionnaire sur-
vey: (1) Stall feeding (SF) - raised in sheds and never
Figure 2 A free-ranging bull foraging in the deep jungle, far away
(about 3 km) from human settlement
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grazing with herder (FGH) - left freely grazing in the
nearby SRF (State Reserve Forests) but accompanied by
a herder; (3) Free-range grazing without herder (FGWH)
- left freely grazing in the nearby SRF without a herder;
and (4) Free-range pasture grazing (FPG) - left freely
grazing in a fenced pasture land but without a herder.
Cattle and horses were released to the nearby forests
during daytime and were brought back to their sheds
near human houses in the evening. Bulls spent most of
their time in the forests and were only brought to settle-
ments during ploughing season.
The majority of respondents practised FGWH (45%; n
= 128) while only 16% practised FGH, followed by SF (7%)
and FPG (1%). Eighteen percent followed a combination
of SF and FGWH depending on the availability of feed,
and 14% followed a combination of FGH and FGWH de-
pending on the availability of herders or manpower during
intense farm works and when there was news of predator
presence in the nearby forests. These herding practices
were significantly different in terms of number of house-
holds practising them at 0.05 significance level (H(4) =
93.37, p < 0.005). Post hoc analysis showed the number of
households practising FGWH was significantly higher
than those practising FGH (p < 0.005).
Among the cattle breeds, the high-yielding breeds such
as Jersey and Brown Swiss and the milking cows of other
breeds were stall-fed, whereas the bulls and the unpro-
ductive local breeds were left freely grazing in the nearby
forests without herders. Most farmers said that horses
and mules were occasionally left grazing in the forests
without herders in times of urgent household situations.
Otherwise, they were either stall-fed or released into
areas close to settlements, because they were very ex-
pensive. Goats and poultry were also stall-fed.
Seasonal difference in herding practices
Most of the cattle were tended well during winter and early
spring when farmers were freed of farming work and fod-
der was scarce in the forests. Animals were fed with dried
grasses, straw, kitchen wastes, and stock-piled vegetables -
mostly pumpkin, radish, and turnip. Some were tethered in
crop fields to feed on paddy stumps and dried grasses dur-
ing winter season, immediately after the harvest. Contrast-
ingly, in summer and early autumn when fodder was
plentiful in the forests and when farmers were heavily en-
gaged in agricultural works, cattle were mostly left freely
grazing in the forests on their own. It was during such sea-
sons cattle were highly vulnerable to wild predators.
Principal reasons for not herding
When asked about the principal reasons for not herding
their cattle, almost 90% of the respondents said that they
would herd their cattle irrespective of breed or season ifthey had adequate manpower. However, most of the
households cited acute shortage of labour in their vil-
lages due to rural-urban migration and increased enrol-
ment of all their kids in the schools as mandated by the
government’s policy of ‘no child left behind’. Shortage of
labour is the main reason why most of the cattle herders
are either too old (some even in their 80s) to work in
the agricultural fields or they are mentally and physically
challenged, because of which cattle could be vulnerable
to predation. Another important reason farmers (8%)
gave for not herding was the lack of adequate pasture-
land. Only a few respondents (2%) stated it was an age-
old tradition to leave their cattle freely grazing in the
forests, completely unattended by humans.Livestock in the forests
During our trail transect surveys in forests surround-
ing villages, we encountered a total of 1,050 cattle
and only 10 horses. We walked a total transect
length of 150 km, and the livestock encounter rate
was 7.07 livestock/km of trail walked. Sixty-five per-
cent of cattle we encountered were foraging in deep
jungle more than 2 km from the nearest village
boundary. The farthest distance recorded was 3 km,
and such areas were occupied by bulls (Figure 2).
Horses were sighted closer to human settlements,
within 1 km from the nearest village boundary.
Of the total cattle encountered in the nearby for-
ests, only 14.3% (n = 150) were accompanied by
herders (Figure 3), with the rest 85.7% (n = 900) left
to range freely. All 10 horses freely grazing in the for-
ests were also not accompanied by herders. More
than 80% (n = 120) of those cattle accompanied by
herders were situated closer to human settlements,
mostly within 1.5-km distance from the settlement
boundaries.
Figure 3 A cattle herder in Gasa Dzongkhag posing in front of his
makeshift camp in a temperate broadleaved forest
Table 1 Number of livestock lost to different predators in
different geogs in the study area from 2012 to 2014
Geog Dzongkhag Dhole Leopard Bear Tiger Total
Lingmukha Punakha 31 71 0 3 105
Shangabjimi Punakha 6 5 0 5 16
Genye Thimphu 49 11 12 1 73
Kawang Thimphu 5 8 0 0 13
Khatoe Gasa 16 2 0 2 20
Khamoe Gasa 70 24 7 27 128
Total 177 121 19 38 355
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Farmers lost 355 animals, mostly horses and cattle, dur-
ing the period 2012 to 2014 to four main wild predators:
177 (49.9%) to dhole, 121 (34.1%) to common leopard,
38 (10.7%) to tiger (Figure 4), and 19 (5.3%) to Asiatic
black bear Ursus thibetanus. There was significant differ-
ence in the number of livestock killed by each predator
(H(3) = 74.68, p < 0.005), largely driven by dhole. The
number of animals lost to different predators differed
between the geogs. For example, Lingmukha Geog lost
most of the livestock to leopards while Genye, Khatoe,
Khamoe, and Shengabjimi lost most of their livestock to
dholes (Table 1). Predation losses also differed amongFigure 4 A male tiger caught on a camera trap at night after
depredating a livestock in a forest surrounding Damji village of
Khatoe Geog in Gasa Dzongkhaglivestock type and breed (Table 2). The number of cattle
lost was significantly higher than the number of equines
(horses and mules) lost (U(1) = 76.18, p < 0.005). Equines
were mostly lost to leopard and none to bears. Among
cattle breeds, Siri was the most predated. The number of
indigenous breeds lost was significantly higher than the
imported breeds (U(1) = 78.08, p < 0.005). The great ma-
jority of livestock were lost when they were not herded
(92%) in comparison to livestock that were herded (8%;
Figure 5), and the difference was statistically significant
(U(1) = 129.27, p < 0.005).
Discussion
Livestock vulnerability among herding practices
Livestock in general are more vulnerable to predation than
their wild counterparts, because they may have lost their
natural instinct to effectively fend off the predators (Polisar
et al. 2003) as a result of domestication. We determined
that livestock generally released to the nearby forests for
grazing (FGH and FGWH) were more vulnerable than
those stall-fed (SF) and kept within some enclosures (FPG).
We based this assessment from the manner in which pred-
ators took livestock. In Bhutan, large predators, except
leopards, rarely come to the human settlements to take
away livestock. There have been incidences of tigers coming
near animal sheds in human settlements when they were
too old to hunt wild prey (Kuensel, 2005). However, the
success rate of livestock capture from such behaviour wasTable 2 Number of livestock lost to wild predators by type and
breed in the study area from 2012 to 2014
Livestock type Breed Dhole Leopard Bear Tiger
Cattle Jersey 10 5 3 5
Siri 100 75 7 15
Brown Swiss 5 1 0 0
Jatsha 17 5 0 8
Yangka 34 5 7 4
Horse Indigenous 6 21 2 1
Mule Indigenous 5 9 0 5
Figure 5 A graphical depiction of difference in livestock losses to
wild predators by herding practice from 2012 to 2014
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houses but usually in order to hunt domestic dogs.
Further, we considered livestock left freely grazing in the
forests without accompanying herders (FGWH) more vul-
nerable than those with herders (FGH). This was because
the number of livestock lost to predators when not herded
was significantly higher than when herded. Ogada et al.
(2003) also noticed closely herded livestock were less likely
to be killed by African carnivores. Moreover, 65% of the
free-ranging animals were released farther than 2-km dis-
tance from the human settlements which rendered the ani-
mals easy prey to wild predators. Large carnivores normally
select wild herbivores if available in adequate number
(Treves and Karanth 2003; Ogara et al. 2010), but they turn
to domestic livestock in livestock-dominated landscapes
(Rajaratnam et al. 2015), especially if livestock are left to
range freely without herders (Meriggi et al. 1996).
Seasonally, livestock were more vulnerable during sum-
mer and early autumn because during this peak farming
season, livestock are often released to range freely in the
nearby forest, according to farmers. In winter and early
spring when farmers were free from farm work, livestock
were less vulnerable because farmers tended them more in-
tensively and they were kept nearer to cleared farmlands
and sheds (Thinley et al. 2011). Such a seasonal pattern of
livestock loss was also noted by Sangay and Vernes (2008)
while analysing livestock depredation cases reported from
all over Bhutan from 2003 to 2005. A comparable study by
Jackson et al. (1996) in Nepal also reported that depreda-
tion losses peaked in late spring and early summer (April to
June). Similarly, Dar et al. (2009) reported that the majority
of livestock killed by leopard in Pakistan’s Machiara Na-
tional Park occurred during the summer months of May
and July.
Livestock vulnerability among type, breed, and sex
Among livestock types, we determined cattle to be the
most vulnerable to predation, probably because cattlewere released into the nearby forests more frequently
and are mostly not herded. We also found indigenous
breeds of cattle more vulnerable to predation than the
imported high-yielding breeds based on herding prac-
tices and the significant quantity of indigenous breed
lost to predation as compared to imported ones. Because
imported breeds were more expensive, they were usually
stall-fed. Thus, they were seldom lost to predators, ex-
cept for some bulls which were let loose into the forest
during farming seasons, whereas indigenous breeds were
mostly released to the nearby forests. Bulls of indigenous
breeds, particularly Jatsa and Nublang, were more vul-
nerable to predation than cows, because they were
mostly left in the forests, far away from the homesteads
during non-ploughing periods (Figure 2). This was deter-
mined from herding practice and observation in the
field. Non-milking cows were more vulnerable than the
milking cows because the latter were stall-fed until the
calves were fully weaned.
Importance of proper livestock herding and its challenges
Our study underscores the importance of proper livestock
herding, meaning assignment of herders to accompany
livestock in forests, to minimize predation losses (Wang
and Macdonald 2006; Rajaratnam et al. 2015). In Bhutan,
due to the short supply of fodder and small per capita
landholding averaging less than half an acre (NSB 2015b),
people are compelled to release their livestock, especially
cattle, to the nearby forests for grazing (Wangchuk et al.
2014). Such a situation naturally predisposes livestock to
predation. But, careful analysis of the herding dynamics
showed that if livestock were properly herded within the
forests with accompanying herders, predation losses could
have been reduced irrespective of type, breed, and sex.
Thus, our study has shown that livestock, irrespective of
breed and type, were more vulnerable to predation when
not herded than herded. This highlights the importance of
proper tending of livestock if predation losses are to be
minimized. Therefore, to minimize livestock predation,
Bhutanese agro-pastoralists would need to appoint livestock
herders to accompany animals released into the forests.
However, this is challenging due to shortage of rural farm
labour resulting from rural-urban migration and increased
enrolment of children to schools (Wangchuk et al. 2014).
Increased enrolment of children is one of the key drivers of
rural-urban migration. Bhutanese youths seek employment
in urban areas which is deemed as more rewarding with
higher income than the laborious farm work in the villages
(Dosch 2011). But, not all youth are employed due to lim-
ited employment opportunities in the government and pri-
vate sectors. The youth employment rate as of 2014 is
92.7% (Tenzin 2015). Although several initiatives are taken
by the government to attract educated youth to take up
farm labour, the progress has been very slow. Therefore,
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enrolment to schools. The farm labour shortage is also a
factor that drives rural people to migrate to urban areas in
search of higher income opportunities (Dosch 2011).
Implications for livestock management policy
While we acknowledge the challenges of appointing cattle
herders in rural areas, we have shown that low-value do-
mestic breeds are more vulnerable to predation than the
high-value imported ones, simply because the latter are
tended better. Hence, livestock losses could be minimized
further if the number of scrub cattle could be reduced
through animal stock improvement programmes such as
promotion of high-yielding breeds (Katel et al. 2015)
through breeding bull supply and artificial insemination.
The Department of Livestock has been carrying out such
programmes (Spierenburg et al. 2004), but they need to be
rigorously pursued in livestock depredation hotspots. Such
a move is feasible, because some villages in central and
western parts of Bhutan have shown a strong inclination
towards raising small and productive cattle herds (Wang-
chuk et al. 2014). However, the trade-offs with shifting to
exotic breeds, particularly the potential loss of genetic di-
versity resulting from loss of indigenous breeds (Barker
2001), need to be considered. We suggest maintaining
small and manageable cattle herds with a balance between
high-yielding exotic and low-yielding native breeds. It may
be argued that stall feeding of exotic breeds may take up
farmers’ time and space, but farmers themselves have
mentioned that stall feeding is much easier than dropping
off and rounding up cattle from the forests.
In addition, we have found lack of adequate pasture as
another important reason for not herding livestock. There-
fore, in conjunction with stock improvement, farmers could
be leased with some portions of the SRF for development
of pasture lands (Wang and Macdonald 2006) with proper
management guidelines, including the prescriptions of
proper fencing and corralling facilities. High-yielding and
more nutritious varieties of fodder crops could be grown in
the pasture lands, as also suggested by Spierenburg et al.
(2004) and Tamang and Baral (2008). The feasibility of allo-
cating grazing lands from the community forests could be
explored as well. This policy has gained relevance in recent
times because the government has taken back the trad-
itional grazing rights such as registered tsamdro7 with the
intention of improving grazing area management. Simul-
taneously, farmers could also be educated on the ranging
behaviour of the wild predators, as suggested by Tumenta
et al. (2013), and on the spatial pattern of their livestock
depredation sites, as observed by Thinley (2010).
Bhutan currently lacks a comprehensive livestock man-
agement policy that ensures a balance between livestock
production and minimizing losses to wild predators. As
such, conflicts frequently arise between livestock owners,livestock officers, and wildlife managers. There is a need to
develop an inclusive policy that addresses the concerns of
both the wildlife managers and livestock holders whose par-
ticipation will be crucial (Wangchuk 2002). We therefore
suggest developing a comprehensive livestock management
policy that has elaborate provisions on livestock herd man-
agement (requiring accompanying herders while grazing in
the forests), stock improvement, fodder development, pas-
ture development, and sustainable livestock insurance
schemes. We also reiterate that compensation to livestock
owners in any form is an important tool for managing
human-predator conflicts in Bhutan (Sangay and Vernes
2014). Further, we have observed in this study that dholes
are the dominant livestock predators. We do not recom-
mend culling of dhole populations, because it is an ‘endan-
gered’ species. In order to avoid massive dhole extirpation
as in the 1970s and 1980s (Thinley et al. 2011), we suggest
livestock officers and wildlife conservationists to equally
prioritize compensating or insuring against losses to dholes
as equally as being done for tigers and snow leopards.
Conclusions
Livestock in general were more vulnerable to predation
when released into the forests without accompanying
herders, especially during farming seasons. Cattle, particu-
larly the indigenous breeds, were more vulnerable among
different livestock types. Proper livestock herding with ac-
companying livestock herders could minimize predation
losses. We recommend development of a comprehensive
livestock management policy that will ensure minimal
livestock losses to wild predators.
Endnotes
1Dzongkhag is known in the Bhutanese national lan-
guage, Dzongkha, as an administrative district. Bhutan
currently has 20 dzongkhags.
2Geog is a Dzongkha term for an administrative block
or a sub-district. A dzongkhag can have 4 to 15 geogs.
In total, Bhutan as 205 geogs.
3Siri is the most common indigenous cattle breed in
Bhutan.
4Nublang is an indigenous breed which has its origin
in Haa Dzongkhag. See Dorji et al. (2009) for elaborate
description of this breed.
5Jatsha and Jatsham are, respectively, the male and fe-
male hybrids of the Mithun (Bos gaurus) and Siri cross.
6Yangka and Yangkum are, respectively, the male and
female fourth-generation offspring from backcross be-
tween Jatsha (or Jatsham) and Mithun or Siri.
7Tsamdro is a portion of the State Reserve Forest regis-
tered in an individual household’s name and inherited by
children where the owners can graze their cattle. Currently,
the government has revoked the tsamdro rights to develop
a policy of scientifically managed grazing lands.
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FGH: Free-range grazing with herder; FGWH: Free-range grazing without
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